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Inhibition of in Vitro Nickel Sulfate Reaction by Anti-HLA-D /DR 
Antisera. Lack of Demonstrable Suppressor Cells in Peripheral Blood in 
Nickel Unresponsiveness in Man 
SYLVI SILVENNOINEN-KASSINEN, M.D., JORMA ILONEN, M .D., ANJA TIILIKAINEN, M.D., AND 
JAAKKO KARVONEN, M.D. 
Departments of Medical Microbiology and Dermatology, University of Qulu, and Public Health Laboratory, Qulu, Finland 
A nickel sulfate induced lymphocyte blast transfor-
lIlation reaction in vitro was specifically inhibited by 
anti-HLA-D/DR antisera, which indicates the r equire-
lIlent of HLA-D/DR antigens in cellular cooperation. 
Macrophages are effective antigen presenting cells ill 
the in vitro nickel reaction and this step could be the site 
of an HLA-antigen function in the recognition of "self." 
It was shown that macrophages of all HLA identical, 
healthy sibling could offer proper "help" to macrophage-
depleted lymphocytes of the nickel allergic subject ill 
evoking a nickel reaction. Thus, in this r espect, the func-
tion of macrophages in nickel allergy is not differen t 
from that in a nickel-unresponsive state. The nickel un-
responsiveness in healthy subjects is probably not due 
to specific suppressor cells because HLA identical lym-
phocytes from the healthy siblings could not suppress 
the nickel induced blast transformation of the nickel 
allergic siblings. This suggests that a deletion of sensi-
tized clones in the periphery is the more probable mech-
anism of unresponsiveness in healthy subjects. 
Macrophages are antigen presenting and processing cells in 
many T lymphocyte-dependent immune reactions. Cooperation 
between macrophages and T lymphocytes require "recognition 
of self ' and there is evidence that HLA-D/ DR antigens are 
involved in this process [1]. Specific antisera against the im-
mune response associated (la) determinants of the reacting T 
cells and macrophages al'e able to inhibi t the T cell response 
[1,2). Lymphocyte blast transformation to nickel seems ·to be 
macrophage-dependent [3). The present study shows that this 
reaction is also HLA-D / DR restricted. 
Umesponsiveness or tolerance to an antigen has often been 
reported to be due to the function of suppressor lymphocytes. 
However, this is not always the case [4]. 
There are several reports about suppressor cell function in 
contact hypersensitivity. Suppressor T cells have been demon-
strated in the afferent [5,6] and in the efferent phase [7] of 
contact sensitivity. Generation of suppressor cells has been 
s hown to be dependent on the route of administration and the 
dose of antigen employed [8]. Both short-lived [9] and long-
lived [10] suppressor cell clones have been demonstrated. Many 
s uppressor cell populations are sensit ive to cyclophosphamide 
[8,11] and irradiation [11,12]. 
The present study was undertaken to explore whether or not 
specific suppressor cells responsible for umesponsiveness to 
nickel existed in human peripheral blood. Lymphocytes of 
nickel allergic patients are known to react to nickel in vitro 
[3). The families of the nickel allergic patients had been HLA-
typed [13] and the suppressor cell activity was evaluated using 
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lymphocyte co-cultures of HLA identical allergic, and healthy, 
siblings. Peripheral suppressor cells regulating lymphocyte 
blast transformation could not be demonstrated. The capacity 
of healthy HLA identical macrophages to replace those of an 
allergic sibling in evoking nickel induced blast transformation 
was assayed. Healthy macro phages were able to induce blast 
transformation in sensitized T cells. 
MA TERIALS AND METHODS 
Subjects 
Lymphocytes of 13 previously HLA-typed, nickel a llergic patients 
were used in studies with anti-HLA-D/ DR a ntisera. T he diagnosis of 
nickel a llergy was based on a posit ive skin chamber test (Finn Chamber, 
Epitest Ltd, Helsinki, Finland) with 2.5% nickel su lfate in petrolatum 
T . All pa tients had a history of nickel a llergy as well . Lymphocytes of 
5 previously HLA-typed, healthy subjects were used in determining the 
specificity of anti-D/DR sera, in addition to the nickel a llergic subjects. 
Five nickel a llergic patients, each with an HLA identical, hea lthy 
sibling were chosen from previously HLA-typed [13] fam ilies, a nd co-
cul tures of their cells were used in experiments of the macrophage 
function a nd the suppressor cell activity test. 
Stimulants 
Nickel sulfate was used in fina l concentrations of 1.25 and 6.25 p,g/ 
ml. Purified protein derivat ive of tuberculin (PPD) (Statens Serumin-
stitut, Copenhagen, Denmark) was used in a fina l concentration of 10 
p,g/ml. 
Cell Cultures 
Mononuclear lymphocytes were isolated from heparinized venous 
blood samples by the Ficoll-Isopaque method [14]. T he lymphocyte 
cultures were performed as described earlier [15]. In short, lymphocytes 
were suspended at a concentration of 1 x IOn cells/ml in RPMI-1 640 
cul ture medium, supplemented with 10% inactivated pooled human 
male serum and penicillin, 2,000 IU/ml; streptomycin, 2 mg/ ml; a nd 
gluta mine, 290 p,g/ ml. Fifty p,l of the cell suspension were mixed in wells 
of cul ture plates with 50 p,l of the stimulant, dilu ted in RPMI-1 640. 
Macrophages were separated from 50 p,l cell suspensions, each con-
taining 5 X 104 mononuclear cells. They were allowed to stick to the 
bottoms of the wells of the cul ture plates for 2 hr at 37°C, after which 
the nonadherent lymphocytes were collected and used for co-cultw-es 
at a concentration of 1 x 10" cells/ ml. The wells with adherent mac-
rophage were washed 3 times with Hanks' balanced salt solu t ion and 
the remaining macrophage layer was used for co-cultu res as fou nd, in 
the bottom layer . In suppressor ce ll assays, lymphocytes of HLA-
identical pairs of nickel allergic, and healthy, siblings were co-cultured 
using 5 X 104 cells of each subject per well. For mixed lymphocyte 
cultures (MLC) , the stimulating cells were irradia ted with 6000 rad. 
All cultures were pulsed 24 hI' with "H-tbymidine before harvesting. 
All cultures were terminated on day 7 in the phase of exponential 
growth. 
All experimental and contro l cul tures were done in tr iplicate a nd 
median cpm values were calculated. The background cpm were sub-
tracted to obtain specific stimulations. 
Properties of antisera used: Anti-HLA-D/ DR antiserum called 
"KR" was obtained from a healthy womall with 2 children. Her husband 
'suffe red from mult iple sclerosis. The HLA type of the husband was 
A2,w19; B7,lB,w6; Dwl,w2 and that of the wife AI; BB,w35,w6; Dwl,w3. 
The serum was non cytotoxic in a complement-dependent test. 
Anti-HLA-D/ DR antiserum caUed "ET " was obtained from a mul -
tiparous woman with HLA genotype A3; Bw35/ AwI9; B18; Dw2. Her 
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husband's geno type was A28; Bw35/Aw19; B18; Dw2. Their lympho-
cytes reacted to each other in MLC. The ET antiserum has been 
studied earl ier [16] and it has been shown to be noncytotoxic in the 
complement-dependent test and to have HLA-Dw3 and Dw6 associated 
specificities. 
The inactivated (56°C 30 min) sera were used to assay a possible 
interference between nickel receptors and HLA-O/DR antigens in cell 
cultures. In control cultures, pooled male AB serum was used; in the 
experiments, it was used as a diluent of the antisera, so that the final 
dilution in ce ll cul t ures was 1:8 for KR and 1:64 for ET. The total se rum 
concentration in culture was 25%. 
Statistics 
The Mann-whitney U-test was used to calculate t he statist ical s ig-
nificance of the specific inhibition obtained by the antisera "ET" and 
"KR". 
RESULTS 
Studies with anti-HLA-D/DR Antisera 
Anti-HLA-D/DR antiserum "KR" inhibited MLC reactions 
of such cu ltures where the stimulating cells expressed HLA-D 
antigens w2 or w4. The inhibition exceeded 20% when compared 
to cultures supplemented with pooled human AB serum. The 
antiserum also inhibited blast transformation responses to PPD 
and nickel su lfate in lymphocytes expressing Dw2 or Dw4. The 
results are summarized in Table I. 
Anti-HLA-D/DR antiserum "ET" inhibited MLC reactions 
of cultures where the stimulating lymphocytes had HLA-D 
TABI, E l. The effect of anti-HLA -D/DR antiserum "KR" on MLC, 
PPD, and nichel sulfate inducecl 7 day blast transformation 
reactions' 
HLA-D types Reactions Inhibi-Reactions in anti- tion 
HLA-D types of of irradiated in pooled HLA-D/DR (%) (6000 rad) responder cells 
stimulator AB serum antiserum 
cells (epm) "KR" 1:8 (epm) 
MLC reactions: 
Owl / Ow3 Dw1/- 2,000 2,800 0 
Owl/Ow3 Owl/0w2 8,200 4,300 47.6 
Owl / Ow3 Ow2/ Dw2 21,900 8,200 62.6 
Ow1/ 0w3 Ow2/0w2 18,000 5,000 72.2 
Owl / Ow3 Ow4 / - 19,300 8,200 . 57.5 
Dwl / 0w3 Ow6/- 14,500 12,600 13.1 
DwI / Dw3 Ow2/ 0w6 11,900 4,700 60.5 
Dw6/- Owl/- 25,100 21,500 14 .3 
Ow6/ - Owl/ Dw2 19,800 11,100 43.9 
Ow6/- Ow2/0w2 20,400 8,600 57.8 
Dw6/ - Ow2/ 0w2 17,600 7,000 60.2 
Dw6/- Ow4/- 16,500 5,300 67.9 
PPO reactions: 
Dwl/- 6,900 12,600 0 
Owl/ Dw2 41,000 28,500 30.5 
Dwl / Dw3 58,300 59,600 0 
Ow2/ 0w2 5,500 3,800 30.9 
Ow2/ Dw2 11,900 6,000 49.6 
Dw2/ Dw4 5,100 1,700 66.7 
Dw2/ 0w6 11,900 7,400 37.8 
Dw4/ - 8,000 3,500 fi6.3 
Ow4 /- 8,000 . 3,600 55.0 
Dw4/- 2,500 300 88.0 
Dw6/- 8,100 9,100 0 
NiSO., (6.25 J.lg/ 
ml) reactions: 
Owl / Dw2 4,800 1,500 68.8 
Dwl/Ow3 1,500 1,500 0 
Dwl / Dw4 5,200 1,300 75.0 
Dw2/- 7,400 1,700 77.0 
Dw2/ 0w4 4,000 900 77.5 
Dw4 /- 3,300 400 87.9 
"The nickel sulfate test was done with lymphocytes from nickel 
a llergic subjects. Antiserum KR was diluted with male pooled AB 
serum. The final dilution was 1:8 in the culture. The total serum 
concentration in all cultures was 25%. 
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TABLE II . The effect of anti-HLA -D/ DR antiserum "ET" on MLC, 
PPD, and nichel sulfate induced 7 day transformation reactions" 
HLA-D types Reactions Reactions in anti- Inhibi-
HLA-D types of of irradiated in pooled HLA-D/ DR (6000 rad) tion 
responder cells AB serum antiserum (%) stimulator (epm) "ET" 1:64 
cells (epm) 
MLC reactions: 
Ow4/- Ow1/- 11 ,300 11,100 1.8 
Ow4/- Owl / 0w2 10,900 10,300 5.5 
Ow4/- Ow1/0w3 18,500 1,900 89.7 
Ow4/- Ow2/ 0w2 15,300 14,200 7.2 
Ow4/- Ow2/0w6 14,000 1,600 88.6 
Ow4/ - Ow2/0w2 15,700 16,100 0 
Ow4/- Dw6/- 12,800 5,100 60.2 
Ow2/ Dw2 Ow1/- 18,400 14,400 21.7 
Ow2/Dw2 Dwl/Ow2 9,000 6,500 27.8 
Ow2/0w2 Owl/0w3 16,700 600 96.4 
Ow2/0w2 Ow2/0w6 11,000 2,000 81.8 
Ow2/0w2 Ow4/- 12,100 1,400 88.4 
Ow2/0w2 Ow6/ - 15,900 700 95.6 
PPO reactions: 
Ow1/- 32,600 28,200 13.5 
Ow1/- 10,500 4,100 61.0 
Dwl/Dw3 43,800 25,800 41.1 
Ow1/Dw3 24,400 700 97.1 
Ow2/0w2 9,200 9,900 0 
Ow2/0w4 2,600 300 88.5 
Dw2/Dw6 10,100 2,400 76.2 
Dw4/- 12,000 1,200 90.0 
Ow4/- 6,500 400 93.8 
Ow6/- 4,300 1,100 74.4 
NiSO, (6.25 J.lg/ 
ml) reactions: 
Ow1/- 11,200 8,800 21.4 
Owl/Ow2 3,000 3,400 0 
Ow2/- 2,700 800 70.4 
Ow2/Dw4 1,500 1,000 33.3 
Ow4/- 2,800 1,100 60.7 
Ow4/- 16,600 2,900 82.5 
Dw4/- 3,400 800 76.5 
"The nickel sulfate test was done with lymphocytes from nickel 
allergic subjects. Antiserum ET was diluted with male pooled AB 
serum. The final dilution was 1:64 in the cultures. The total serum 
concentration in all cultures was 25%. 
antigens w3,w4 or w6. The inhibition exceeded 30% when com-
pared to cultures supplemented with pooled male human AB 
serum. In addition, ET serum inhibited 61.0% of the PPD 
reaction of a subject with Dw1/- and 70.4% of the nickel sulfate 
reaction of a subject with Dw2/-. It is noteworthy that the ET 
serum did not block the MLC responsiveness of the Dw4/ -
cells. The results are summarized in Table II. The background 
of unstimulated cultures was 80 ± 60 cpm in the studies shown 
in Tables I-II. 
The specific inhibitory effect of the antisera KR and ET was 
statistically significant (P < 0.001). 
Studies with M acrophages 
Macrophages from the HLA identical, healthy siblings could 
provide proper "helper" function to macrophage-depleted lym-
phocytes of the nickel allergic subjects. Macrophages from the 
allergic subject could not evoke nickel stimulation in the lym-
phocytes of the healthy sibling. Macrophage depleted lympho-
cytes contained <1% phagocytic cells. The results are summa-
rized in Table ill. 
Suppressor Cell Assay 
HLA-identical, healthy lymphocytes were not able to sup-
press the nickle induced blast transformation of nickel allergic 
subjects. On the contrary, at least in 3 of the 5 cases, enhance-
ment of the nickel reaction could be seen. The results are 
summarized in Table IV. 
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DISCUSSION 
It has been shown previously that the presence of macro-
phages greatly enhances the in vitro lymphocyte reaction to 
nickel [3]. Macrophage dependence is a well-documented phe-
nomenon in most T cell immune responses. Macrophages are 
a ntigen presenting and antigen processing cells. The exact 
mechanism of T cell and macrophage coopera tion is not yet 
fully understood. It seems tha t T cells must recognize "self' 
determinants on macrophages before T cell activation can 
OCCUl" . There is evidence that MHC products (la antigens) are 
involved in mice and guinea pigs. In man, HLA-D/ DR-related 
specificities have been reported to restrict reactions to PPD [1] 
a nd to TNP [17]. The present study shows that the nickel 
reaction is HLA-D/ DR restricted as well . The test protocol did 
not show whether direct cell to cell contact is needed or whether 
macrophages provide their enhancing function by soluble fac-
tors. The site of the binding of antisera could be either on cells 
o r on a soluble "factor" bearing HLA-D/ DR specificity. There 
are 2 theories a bout T cell recognition of Ia molecules and the 
~tigen on the macrophage sw-face. Either the antigen modifies 
dIrectly the Ia molecule which is recognized as "altered self' by 
the specific T cell, or the T cell has 2 receptors, one for the Ia 
molecule and the other for the antigen. This study does not tell 
which of the 2 mechanisms operates in nickel presentation to T 
cells, but, as a small molecule, nickel might easily induce minor 
changes in Ia molecules when reacting with them. 
The inhibition of the reaction is unlikely to be due to destruc-
tion of lymphocytes. Both antisera have been tested for cyto-
toxicity and they have no cytotoxic effect in the complement-
. TABLE III. The enhancing effect of allogeneic, healthy, HLA 
tdentlcal macrophages on the in vitro nichel sulfate (1.25 pg/ ml) 
blast transformation reaction (cpm ± SEM)" 
Unstimulated cul tures (cpm): 
Background 
M ean MLC, unfractionated cells 
Cells of healthy siblings, depleted of autologous 
macrophages 
Cells of healthy siblings, depleted of autologous 
macrophages + macrophages from the al-
lergic siblings 
Cells of allergic siblings, depleted of autologous 
macrophages 
Cells of allergic siblings, depleted of autologous 
macrophages + macrophages from the 
healthy siblings 
Nickel reaction of allergic siblings (cpm): 
unfractionated cells 
Cells depleted of autologous macrophages 
Cells depleted of autologous macrophages + 
macrophages from the healthy sibling 
Nickel reaction of healthy siblings (cpm): 
U nfractionated cells 
Cells depleted of autologous macrophages 
Cells depleted of autologous macrophages + 
macrophages from the allergic sibling 
500 ± 200 
500 ± 200 
200 ± 100 
400 ± 200 
300 ± 100 
500 ± 300 
3,400 ± 1,300 
1,000 ± 200 
3,000 ± 1,400 
600 ± 200 
300 ± 100 
500 ± 300 
n Four HLA identical healthy, and nickel allergic pairs of siblings 
were examined. 
dependent test. Moreover, complement was not present in the 
experimental cul tures. Antibody-dependent, cell-mediated cy-
totoxicity is also unlikely because the MLC responsiveness of 
Dw4/ - cells was not abolished by ET serum, only MLC stimu-
lating activity was impaired. 
Human allogeneic HLA-D-compatible macrophages have 
been able to substitute for autologous macrophages in PPD 
reactions [18]. The subjects studied were immunized to PPD 
and thus both T cells and macrophages were already "edu-
cated" to generate the PPD reaction. In the present study, the 
HLA-compatible allogeneic macrophages were from siblings 
without a nickel allergy. Their well-developed "helper" function 
suggests that the function of macrophages is not altered or 
pathological in nickel allergy, rather sensit ized T cells being the 
key for the blast transformation occurrence. The macrophage-
depleted, allergic lymphocytes contained less than 1% macro-
phages. T~ese cells were able to evoke a minor nickel reaction 
which was, however, cleal'ly lower than reaction with allogeneic 
macrophages. These contaminating, autologous macrophages 
may contribute to the reaction, as was seen in the previous 
work [3] in which enriched T cells, depleted of B cells and 
macrophages, were able to elicit a slight reaction. The enhanc-
ing effect of autologous and allogenic HLA-compatible macro-
phages on a nickel reaction is, however, remarkable. There was 
no disturbing MLR because the cells tested were HLA compat-
ible. 
Epidermal Langerhans cells bear several similarities with 
macrophages and it is likely they function in vivo, as macro-
phages do in vitro. Epidermal Langerhans cells al'e frequently 
found in sites of contact allergic reactions [19]. They have been 
suggested as belonging to the monocyte-macrophage-histiocyte 
series. Langerhans cells al'e the only DR-antigen expressing 
cells in the human skin [20], and they have been reported to 
take up selectively, contact allergens [21], and to form a reti-
culoepithelial trap for external contact 8JJergens including 
nickel [22] and to have an antigen present ing capacity [23]. In 
mice, the density of Langerhans cells in skin has determined 
whether contact hypersensitivity or unresponsiveness follows 
sensitization [24]. Langerhans cells could possible take up 
nickel, as well, in the skin, and carry it to the regional lymph 
nodes, where the Langerhans cells have also been found [25]. 
The unresponsiveness to nickel was not due to demonstrable 
spe~ific suppressor cells in the peripheral blood of healthy 
subjects. Of cow-se, it is possible that the effect of suppressor 
cells in the lymphocyte co-cultw-es was masked by the presence 
of sensitized effector cells. The enhancement of a nickel reaction 
in these cultures reflects , perhaps, the cont ribution of an antigen 
processing and presenting function of allogeneic macrop hages 
to the reaction. Because only peripheral lymphocytes were 
studied it did not become clear whether regional lymph nodes, 
spleen, or thymus playa regulatory role in t he immune response 
to nickel. The absence of suppressor cells inhibiting blastoge-
nesis is obvious but there could still be suppressors operating 
through other mechanisms, for instance inhibiting passive 
transfer of nickel sensitivity. Peripheral unresponsiveness can 
also be due to a central deletion of nickel sensitive effector or 
pre-effector clones. 
TABLE IV. The effect of healthy lymphocytes on the in vitro niclw l sulfate blast transformation reaction (m.ean stim.ulation of 1.25 and 6.25 
/lg/ ml) of nichel allergic subjects." 
HLA-type in common 
A2; 87, w6/ A9; 815, w6; Cw3; Dw4 
Aw30; 813, w4 ; Owl/ AwlS; 813, w4; Dw4 
Aw30; 813, w4 ; Owl / Aw lS; 813, w4; Dw4 
A3; 87, w6; Dw2/AwI9; 814, w6; Owl 
A2; 8 27, w4; Cw2/A2; 812, w4 ; Dw4 
MLC 
(cpm) 
200 
80 
SO 
400 
o 
Nickel reaction 
of the healthy 
sibling (cpm) 
5 X 10' cells 
10 
500 
6 
500 
500 
" The lymphocytes studied in co-cul tures were from HLA identical siblings. 
Nickel reaction of the nickel a l· 
le rgic s ibling (cpm) 5 X 10' ce lls 
4,300 
1,300 
1,300 
14,000 
1,600 
Nickel reacLion of co·culture of 
hea lLhy and nickel allergi c Iym. 
phocyLes (cpm) 10 x 10' cells 
12,800 
1,200 
3,600 
33,300 
4,800 
420 SILVE NNOINE N-KASSINEN ET AL 
T h e existence o f suppressor cells in th e t oler an t state is not 
a universal finding. In m ice, no d e monstrable suppressor cells 
h ave been found in r espon se to huma n gamma globulin [26]. 
Even congenitally ath y mic mice h av e been r endered unrespo n-
s ive to t his a ntigen [27). It is possible t hat, in som e cases, 
su ppressor cells are only t r a nsie ntly involved in a n inductio n of 
toleran ce a nd t h ey cannot be reinduced by t h e a n t igen after 
t h e onset of unresponsive n ess [28]. 
However, it is con cluded t hat suppressor T cells inhibi t ing 
p roliferatio n of n icke l sens it ized clones ar e not involved in t h e 
m a inten a nce of unrespons ive n ess to nic ke l, but s uch s uppressor 
cells m ay play a regulatory role in t h e immune r esponse t o 
nicke l. 
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